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INTRODUCTION 

Congenital diaphragmatic hernia is an uncommon 

condition which has created considerable interest be­

cause of the difficulty in clinical diagnosis (31). The 

diagnosis was previously too frequently "proved by nec­

ropsy," but now can easily be diagnosed by the use of 

X-ray and a curative surgical procedure can be applied

(30). 

The change in mortality shows the increased ac­

curacy in diagnosis and early treatment. From 1912 to 

1929, 81 cases were reported in patients less than ten 

years of age, of which only 25 cases were recognized dur­

ing life (14). Prior to 1931, the medical l iterature re­

veals that about 75 per cent of the patients with con­

genital diaphragmatic hernia died before the ag-e of .one 

month. Potter (33). in 1952, said that only one infant 

at Chicago Lying-in Hospital with a diagnosis of congeni­

tal diaphragmatic hernia has survived more than six hours. 

In her experience, extrauterine reepiration is rarely 

established because of secondary bypoplasia of the lung. 

In 1953, the morta lit� with surgical treatment was 25 

per cent in patients les s than one year of age (11). 

The mortality rate for all types of diaphrag­

matic hernias from 1931 to 1940 was approximately 50 



per cent. This has been improved to 10-15 per cent as 

shown by Zeller in 1950 (41). In 1945 Harrington (20) 

reported 430 cases of a ll types of diaphragmatic hernia 

in all ages which were treated s urgically with a mor­

tality of 4 per c ent. 

DEFINITIONS 

Hernia: The pro t rusion of a loop or knuckle of an or­

gan or t issue through an abnormal opening 

(Celsua ) ( 10). 

Diap_l!._ra.~: Basically a dome-shaped musculofibrous par­

tition be tween the thorax and the abdomen. It 

attaches to the xiphoid proces s anteriorly, the 

?th to 12th costal cartilages laterally, and 

posterio r ly to the bodies of the upper lumbar 

vertebrae by cr us. The peripheral portion is 

muscular and t he central portion consists of 

intertwi ning t endonous f ibera (8). 

Diaphragmatic Hernia: A protrusion of abdominal viscera 

through an anatomically weak area or through an 

abnorma l opening or weak area in the diaphragm, 

the result of imperfect development, anatomical 

weakness or of trauma. A sac is a component 

part of a typical hernia, but the.· great majority 

of hernias through the diaphragm have no sac. 
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By common usage they are classed as f a lse dia­

phragmat ic hernias (24). 

EMBRYOLOGY 

Embryo logically the diaphragm is formed by a 

fusion of mesodermal t i ssuea of multiple origin. De­

velopment begins in the neck region at the level of the 

third cervical ve rtebra. from the 3rd and 4th myotomea 

which later form the ventral portion of the diaphragm. 

This Septum Tranaversum then migrates caudally carrying 

its nerve supply from the 3rd. 4th. and occasionally 5th 

cervical nerves t o form the phrenic nerve. This antero­

med ia l po rt ion ari sing f rom the Se pt um Trans ve rs um fi -

nally divides the abdominal viscera from the heart in 

the primitive embr yo. 

During thi s caudal migrat.ion it fuses with meso­

dermal tissue fro m. the dorsal n:esentery forming the pos­

teromedial portion. The lateral portions are thought to 

represent mesodermal tissue dissected from the body wall 

by the developing lungs. 

The renaining bilateral defect, known as the 

pleuroperitoneal ca nals, is gradually obliterated by 

elements from the pleura above and the peritoneum below. 

The ri ght canal us ually c loses first at about the eighth 

week, and the left canal about the tenth week. Migration 
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of muscle t iseue into this pleuroperitone al membrane 

completes the structure (1,8,32). 

Separation of the two cav it ie s is completed by 

about the third month of intrauterine life (1). 

CLASSIFICATION 

Diaphragmatic he mias have been classified em­

bryo logically, anatomic a lly, and pathologically; but for 

clarity of diagnos is, the clinical classifications will 

be presented (13, 20). 

1. Non-traumat i c Hernia 

a. Congenita l 
b. Acquired after birth 

2. Traumatic 

a. Direct i 
b. Indirect 
c. Rupture 

necrosis 

jury 
injury 
f diaphragm due to inflammatory 

Ricker (34), in 1954, categorized the congenital 

hernias in this fashion: 

Congenital Diaphragmatic Hernia 

1. Esophageal hiatus hernias 

a. Congenital short esophagus 
b. True hiatus hern ias 

2. Subcoatosternal diaphragmatic hernias 
(Foramen of Morgagni) 

3. Pleuroperitoneal he rnias 
(Foremen of Bochdal ek ) 

4 



4. Eventration of the diaphragm 

5. Congenital absence of the diaphragm 

PATHOLOGIC EMBRYOLOGY 

Congenital Short Esophagus 

In early fetal life, if the stomach descends in­

completely behind the Septum Transversum and does not 

reach the abdominal ca vity before the lumbar portion of 

the diaphragm is completed, the esophagus may remain 

short and a pertion of the stomach will remain in the 

thoracic cavity. Because the shortened esophagus enters 

the uppermost portion of the stomach, the normal rela­

tionship of cardia and fundus is lost. These are ex­

tremely rare hernias which can be demonstrated by X-ray 

examination with a barium or iodized oil swallow. Esoph­

agoscopy will confirm the transition of esophageal to 

gastric mucosa well above the level of the diaphragm (34). 

Eso p~~eal Hiatus Hernia 

Delay in descent of the stomach from the thoracic 

cavity to the abd ominal cavity may keep the esophageal 

opening abnormally dilat ed during development of the dia­

phragm. Though t he stomach eventually reaches its normal 

abdominal position and t he esophagus attains normal length, 

this weakness in t he e so phage al hiatus will allow the 
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stomach and occasionally other viscera to herniate into 

the chest. These organs are always contained in a true 

hernial sac. 

The hiatus hernia.a Ricker (34) has observed in 

infants have cons isted of displacement of the upper por­

tion of the stomach into the chest, including the fundua 

and cardia. The esophagus is of normal length but is 

buckled up in the mediastinum into a tortuous channel 

as seen on X-ray examination . These are not the common 

type of paraeaophageal hernia which develop in older pa­

tients in which a knuckle of the fundus herniates along­

side a normally pl aced esophagus. 

This type of hernia rarely becomes symptomatic 

during infancy an d childhood, but may be found inciden­

tally on routine r oentgenograms of the chest. The masses 

were then identif i ed by fluoroscopy and barium meal. 

Subcoatosternal Hernias 

Occurrence of herniation through the anterior 

defect in the diaph ragm, known as the Foramen of Morgagni, 

has been explained as a f ailure of the central and lateral 

portions of the dia phragm to fuse. The confining sac usu­

ally present with s uch he rnias suggests that the diaphragm 

has been completed by the layers of the pleural and peri­

toneal membranes, b ut that the growth of the muscle 
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between these two layers has been inadequate in this 

area, allowing i ntestines or liver to herniate into the 

thoracic cavity. These hernias are congenital but are 

rarely present a t birth. They occur later due to in­

creased abdominal pres s ure on a congenitally defective 

diaphragm (18). 

Pleuroperitoneal Hernias 

The separa tion of the common body cavity into 

the thoracic and abdominal compartments is accomplished 

by a series of orderly ate pa during the development of 

the embryo. 

The Septum Transversum forms beneath the heart 

and grows backward to meet the dorsal meaentery of the 

foregut, completing the central portion of the diaphragm. 

A pleuroperitoneal fold t hen fonns and gradually extends 

laterally and poste riorly to complete the division of 

the body cavities. The l ast portion to be bridged is 

posteriorly and is known as t be ple uroperit one al canal, 

or the Foramen of Bochda l ek. Gradually the layers of 

pleura and peritoneum cloae this gap, and muscle fibers 

derived from cervical myotomes grow beneath the layers 

to f o nn the final d iaphragm. This iS completed between 

the eighth and ninth week of fetal life. The left side 

of the diaphragm is completed later than the right, 
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possibly explaining the predominance of these hernias on 

the left. 

During formation of the diaphragm the midgut 

lies out in the umbilical cord, where rapid elongation 

and development into its various components is taking 

place. The intestine returns to the abdominal cavity 

rather suddenly at about the tenth week of fetal life. 

Tardy closure of the diaphragm or too early return of 

the gut to the a bdominal cavity may result in a portion 

of the newly returned i ntestine finding its way into the 

pleural cavity through the incompleted diaphragm. '£his 

plug of intestine probably prevents further closure of 

the diaphragmatic defect. Entry of the bowel into the 

pleural cavity before the pleuroperitoneal membrane has 

covered the defect results in a herniation without a 

confining sac. However, if the bowel pushes into the 

thorax after the pleural and peritoneal layers have 

formed but before muscular tissue has developed, the 

hernia will have a true sac (34). 

Event ration of the Dia1>_hragm 

Eventration of the diaphragm seems to be a gen­

eral stretching out of the diaphragm with an apparent 

relative diminution of the muscular elements about the 

periphery. The etiology may be a failure of the 
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muscular migrat i on between the layers of pleura and 

peritoneum making up the diaphragm. lf musculature 

were poorly formed, the increase in abdominal contents 

pushing upward and the development of normal intratho­

racic negative pre.ssure might result in as tretching 

out of the membranous d iaphragm until it riS es we 11 

into the chest (34). After repair of eventration the 

two sides of the diaphragm move synchronously, there­

fore ruling out the possibility of phrenic nerve paraly­

sis which may present an identical clinical syndrome 

(29). 

Congenital Absence of the Diaphragm 

This is a very rare condition which may be par­

tial or complete absence of the diaphragm. This is a 

misnomer in that t he ant erior port ion of the diaphragm 

is usually present but posteriorly and laterally absent. 

In actuality, thi s is a pleuroperitoneal hernia with a 

very large diaphragmatic defect (18,20). 

Associated Con~enital Defects 

Potter (33) states that a congenital diaphrag­

matic defect is one of t he moat common forms of defec­

tive development wh ich occurs as an isolated disturbance 

in otherwise norma l infants. 

It is of i nterest to note that occasionally 
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other abnormalit i es oc cur with congenital diaphragmatic 

hernia. These a r e, in order of frequency: 

1. Malrotation of the intestines (37) 

2. Harelip (24 ,39) 

3. Cleft Pa.lat e (24 , 39) 

4. Patent duc t us arteriosus or foramen ovale (24,39) 

5. Abnormal or imperfect development of the lung, 

liver, or mesentery relationships (24,39) 

6. Abnormal cranial development (24,39) 

?. Monstrosities of various types (24,39) 

INCIDENCE 

The incidence of diaphragmatic hernia as indi­

cated roentgeno gr aphically in a 1954 survey in Delaware 

was one per cent of the over-all population. They also 

stated that about only 50 per cent of diaphragmatic 

hernias may be dia gnose d accurately with X-ray {26). 

In 1925, Hedblom (22) covered the age incidence 

of 37 cases with congen i tal diaphragmatic hernia. Of 

the 37 cases, 67. 6 per c ent were male and 32.4 per cent 

we re female; also about 15 per cent of the he mias in 

this series pos ses sed a hernial sac. 

Tabulat i on of t he findings of Hedblom (22) 

wil l be found on f ollow i ng page. 
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Age 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

No stated 
age 

Cases 

8 

12 

6 

4 

l 

2 

0 

1 

3 -
37 

........... Less than l yr. - 3 Cases 
1-5 years - 3 " 
6-10 ti - 2 II 

Authorities now agree on an over-all occurrence 

of a hernial sac to be about 10 per cent; also, the left 

diaphragmatic hernia to be more frequent than the right 

in a ratio of 4-5 left to 1 right (28,-41). 

The moat common c ongenital diaphragmatic hernia 

is through the Foramen of Bochdalek; next, the esophageal 

hernias; and least common, herniation through the Foramen 

of Morgagni (16,17 ,19,28,36,37,41). It is of interest to 

note that in studies of Foramen of Bochdalek hernias the 

left-aided hernias are mo re frequent than right-sided. 

possibly due to the earlie r closure of the right dia­

phragmatic defect, and the protection offered the right 

11 
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diaphragm by the liver mass (28,37). In Foramen of Mer­

gagni hernias, ~hich ar e hernias through a congenital 

defect produced by incr eased abdominal pressures, the 

right-sided hern i a occ urs more frequently than the left­

sided hernias (13 ,16). 

DI AGNOSIS 

Congenital dia phragmatic hernia occurs more of­

ten than was pre viously suspected, and it should be 

ruled out in all cases showing obscure chest and upper 

abdominal symptoms. The physical s igns in the c hest are 

often so confusing that the diagnosis may be missed if 

a roentgenogram is not t aken ( 9). The d iagn as is may be 

made in 59.5 per c ent by clinical examination or with 

X-ray; 30 per cen t are made at operation; 6.3 per cent 

at post mortem examinat i on; and 4.3 per cent remains un­

certain (22). 

The primar y symptoms of congenital diaphragmatic 

hernia in patients le as than one ye a-r i~of ,. age are cyanosis, 

dyspnea, and vomit ing. These three cardinal symptoms are 

related to the s ys tems affected: the heart and great ves­

sels, the res piratory system, and the digestive system 

(41) . If the patient is older than one year of age the 

cardinal symptoms are vomiting, pain, and colic (21 ) . 

These symptoms are due to mechanical interference with 
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the function of t he organs herniated in who le or in pa,rt, 

and to the impainnent of respiration and circulation. 

In congenital d iaphragmatic hernias the symptoms 

are variable and incons istent but are all re lated to 

these systems. Greenwa ld and Steiner (40) collected 

36 cases of congenital diaphragmatic hernia and tabu­

lated the systems as follows: 

Cyanosis 

Peculiar weak cry 

Feeble attempt at respiration ..... . 

Failure to breathe, but satis-
factory heartbeat •.•........... 

Dys pnea ........................... . 

Difficulty with nursing ..........•. 

Convulsive attempts at respiration . 

Co ugh •.....•••.•..•••.••..••.•..... 

Vomiting .......................... . 

Weight los s ....................... . 

24 cases 

8 

8 

8 

7 

4 

2 

2 

1 

1 

II 

II 

II 

II 

It 

It 

" 
11 

n 

36 II 

In observing these patients it has been noted in 

some cases that t he symptoms may be ameliorated by hold­

ing the infant in an upr i ght position (31). With this 

symptom variabilit y, it should be remembered that any 

perplexing abdominal, r espiratory, or cardiac signs and 

symptoms may indicate t he presence of diaphragmatic 

hernia (1). 

13 



If the abdominal contents are not within the 

thoracic cavity at birth they may be sucked up into the 

thoracic cavity as soon as the infant begins to cry. 

Therefore, in many cases the trouble starts with the 

first cry after d e l ivery . The more the baby cries, the 

more abdominal viscera are sucked into the thorax, and 

the greater become s the respiratory and cardiac embar­

rassment. This re s ults i n death from suffocation in a 

matter of minutes or hou r s. Because this is coincident 

with birth, the condition is too often confused with 

other pathologic processes (3). In the 90 per cent of 

the cases not possessing a hernial sac there may occur 

extensive prolaJ;Se of the stomach, small intestine, 

colon, and spleen into the pleural cavity. This , then, 

allows coll a pse of the lung on the involved side and 

permits the heart and med1astinum to shift to the oppo­

site side which produces compression or hypoplasia of 

the opposite lung (41). 

The hernias that occur through structural de­

fects in the diaph ragm a lmost always produce clinical 

symptoms in infancy, and most of the infants who are 

born with this type of hernia die in the first few hours 

or days of life of cardi ac or respiratory embarrassment 

resulting from the marked unilateral alteration in tho­

racic pressure at a time when the compensate r:y reserve 
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has not been deve l oped to a sufficient degree to main­

tain function ( 17 ) • The early cardinal a igns of dyspnea, 

cyanosis, and vomi ting, as well as any perplexing upper 

abdominal, respira tory, or cardiac symptoms and s igna 

should bring the attending physician to consider the 

possibility of diaphragmatic hernia (1). 

The physical examination done in an orderly 

fashion may show many variable findings which point to 

the presence of a congenital diaphragmatic hernia. On 

inspection the asymmetry of the chest with a unilateral 

lag during inspiration may be evident. There is fre­

quently a rapid respiratory rate. The sc~phoid abdomen 

has been aptly described by Orr and Neff (31) as "giving 

the appearance of L.mnatural emptiness . 11 This emptiness 

is the result of t ne condition where the abdominal vis­

cera have forfeite d the r ights of residence in the ab­

domen (1,40). Palpation may reveal the deviation of the 

trachea which may i ndicat e or ale rt the examiner to an 

abnormal condition in the chest. The shift of the car­

diac P .M.I. aids ve rification of an abnormal condition 

(25). Percussion of the chest is characteristically 

variable and the c hange in the findings at different 

times should point toward the consideration of diaphrag­

matic hernia. The re may be a shift in cardiac dullness, 

hyperresonance over areas of unaffected lung, decreased 
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resonance over pa rtially collapsed lung, flatness over 

solid herniated viscera, and tympanitic sounds over hol­

low herniated viscera. On ausc ultation bronchial breath 

sounds are heard o ver areas of compensatory emphysema . 

Absence of breath sounds results from lung compress ion 

by the herniated viscera . A systolic murmur may occur 

if there is a shif t in t he position of the heart or great 

vessels. A patho gnomoni c sign for diaphragmatic hernia 

is t he presence of borbo rygmi or intestinal rushes in 

the c hes t ( 2 5 ) • 

In eventra tions , about half the patients are symp­

tom-free and the s ymptoms and signs that occur are re­

lated to the resp i ratory, circulatory, or alimentary sys­

tems as in diaphra gmatic hernias. There may be acute 

respiratory distr ess in the neonatal period, or multiple 

gastrointestinal complaints in the adults (29). The 

physical signs are incons istent except for an increased 

respira tory excursion of the ribs on inspiration on the 

affected side. This has been called Hoover's or Kern's 

Sign which results from the absence of the inhibiting 

effect of the diaph ragmat ic excursion (4). 

COMPLI CAT IONS 

The most f r equent ly encountered complica tions in 

congenital diaphragmatic hernia are acute respiratory 
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failure and acut e intestinal obstruction. The respira­

tory failure occu rs early in life, but if compensated 

for by the patient's physiology, acute intestinal ob­

struction becomes a definite hazard (24). The mortalij.y 

increases with obstruction of the alimentary tract to 

60 per cent, whereas the mortality without obstruction 

is equivalent to any other abdominal operation. This 

emphasizes the importance of early dia gnosis and de­

finitive surgical treatment. The size of the defect is 

related to the possibility of obstruction in that obstruc­

tion is more likely to occur if the defect is small than 

if it is large (5,21). 

Frequently associated with congenital diaphrag­

matic hernia is a f a ilure of rotation of the colon, and 

occasionally the s mall bowel may be enveloped in a con­

genital peritoneal fold which constitutes an internal 

hernia. In 58 pe r cent of congenital diaphragmatic 

hernia there is ma lformation of the mesentery of both 

the small and large int estine more usually called umal­

rotat ion of the b ow el" ( 17). 

There is l ittle relationship of the viscera dis­

placed into the c hest and the mortality, except when the 

small bowel is herniated , whence the mortality is defi­

nitely increased (21). 

Strangulat ion of a congenital diaphragmatic hernia 

17 



may occur but is very r are (35). Carter and Giueeffi (6) 

reported four cas es of strangulation of a congenital dia­

phragmatic hernia , and Wolfson and Goldman (39) reported 

one case of congenital strangulated diaphragmatic mrnia 

of the liver. St rangulation is defined aa the arrest of 

cir cu lat ion due t o compression of the he miated tissue. 

ROENTGENOLOGY 

The incre asing use of X-ray and its technical 

advances have added greatly to the accurate and more 

rapid diagnosis of congenital diaphragmatic hernias. 

The important obs ervations seen on the X-ray film will 

indicate the size of t he hernial mass, the state of com­

pression of the lungs, and the position of the heart and 

mediastinum. Seldom can the size of the diaphragmatic 

defect be accurately predicted {15). 

Both fluoroscopic examination and roentgenogram 

films may be of help. The characteristic findings in 

the chest are as follows: (a) poor lung expansion on the 

affected side; (b ) mediastinal shift to the unaffected 

side; (c) heart shift to the unaffected side; (d) the 

presence of abdo minal viscera on the affected side con­

tinuous with those pre s ent in the abdomen. If a hernial 

sac is present it tends to limit the herniated viscera 

to the lower lung field, but if the aac is absent, the 
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viscera tend to ascend higher in the thorax and may even 

reach the apical region (28). There are many important 

details to observe in le ss obvious cases which may re­

quire the use of thin barium meal to bring out the spe­

cific herniated viscera . The promiscuous use of barium 

should be avoide d because of the possibility of vomiting 

followed by as piration. The barium is very irritating 

to the respira tory tract and will oomplica·te the patient's 

treatment and course of convalescence (12). 

An additional diagnostic aid is the use of pneu­

moperitoneum. 'rhe air injected may outline the hernial 

mass on X-ray if a a ac i s present, and if the sa:e is ab­

sent the air may b e seen at the apex of the chest on 

X-ray. If carefully done, the pne umoperitoneum may avoid 

the hazard and inconven i ence of a diagnostic thoracotomy. 

The injection of 250-300 cc. of air into the ,i;eritoneal 

cavity may be done with minimal danger of air embolism, 

but should only be done by a trained individual (7). 

H&RNIATBD VISCERA 

The order of frequency of the herniated contents, 

according to Greenwald a nd Steiner (14), is stomach, 

transverse colon, oment um, small intestine, liver, pan­

creas, and kidney . Hedb lom (24), in a review of 1,003 

cases, showed that the stomach was present in the 
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hernial contents in 69 per cent of the case a. In ?l 

per cent of the c ases t he colon and small intestine were 

hemiated with ot her organs. Also of significance is 

the fact that onl y 56 of these 1,003 we re right-sided 

hernias in which 11 had only liver tissue involved in 

the hernia. Harr ington (18,20), in his series of 430 

cases of diaphragmatic hernia which ca.me to operation, 

has shown the type of hernia has a definite relation to 

the viscera involved. Of the eight cases of the Foramen 

of Mo'rgagni type, the colon was involved most frequently, 

next the omentum, and lastly the ileo-cecal coil. Only 

rarely was the stomach involved in this type of hernia. 

The frequency wit h which the stomach occurs in diaphrag­

matic hernias is due to the author's including the esoph­

ageal hiatus hernias in adults in their series. 

DIFFERENT IAL DIAGNOSIS 

The diffe r ential diagnosis of congenital dia­

phragmatic hernia in the newborn has been presented by 

Wyatt (40) . The d if"ferential diagnosis is as follows: 

1. Intracranial hemorrha ge.--The newborn is usually hy­

pertonic or spastic and convulsions frequently occur. 

Irregular respi ration and cyanoais may simulate con­

genital diaphragmatic hernia. The nystagmus and 

pupillary findings indicate cerebral injury. If 
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vomiting is present, then X-ray should be used. 

2. Laryngeal obstruction.--Chevalier Jackson described 

laryngeal dyspnea as an indrawing at the supersternal 

notch, around the clavicles, and at the epigastrum. 

Thia should easily be differentiated from congenital 

diaphragmatic hernia in most cases. 

3. Atelectaais.--Cyanosis is present and rapid respira­

tion may be present. Dullness and bronchial breath­

ing can usual l y be elicited . 

4. Massive collapse of the lung.--This condition is usu­

ally due to a plug of mucous in the main bronchus. 

ccording to Tow , the onset is sudden, with cyanosia, 

labored breathing, dullness, bronchial, diminished or 

absent breath sounds on the injured side. X-ray shows 

the heart to be shifted toward the involved side. 

5. Congenital pneumothorax.-..Cyanosis and dyspnea are 

sudden in onset. The heart is pushed to the oppo­

site side. X-ray is of distinct value. 

6. Congenital heart disease .--Dyspnea, crthopnea, cyanosia­

n:a.y be present or absent, rapid respiratory rate. Aus­

cultation and X-ray aid in diagnosis. 

In infants, older children, and adults the dif­

ferential diagnosis should include the fo 110,-w ing items: 

1. Eventration .--J. Dewey Bisgard (4) collected 183 cases 

from the literature and found that e ventration is very 
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rarely symptomatic in infancy. The etiology is ob­

scure, but probably most cases are congenital in 

origin. The symptoms are respiratory, circulatory, 

and alimentary as in congenital diaphragmatic hernias. 

2. Pleurisy.--This may be with or without an exudate, 

and can usually be differentiated from congenital 

diaphragmatic hernia by the clinical history. 

3. Pulmonary tuberculosis.--A family history of the dis­

ease or a close social contact may be elicited. X-ray 

is of prime importance in early diagnosis. 

4. Primary intrathoracic region tumor.--Early diagnosis 

only with the use of X-ray. Some tumors of the lower 

lobes of the lungs may be mistaken for small diaphrag­

matic hernias, and vice versa. 

5. Primary gall bladder diseaae.--The symptoms of gall 

bladder disease in early childhood may be difficult 

to differentiate from an asymptomatic diaphragmatic 

hernia (25). 

TREATMENT 

· The early t reatment of patients with congenital 

diaphragmatic hern i a, in order to improve function of 

the respiratory and alimentary systems, may include 

turning the baby on the side of the hernia to allow the 

the heart and mediastinum to fall away from the lung on 
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the opposite side , affording better aeration (15). The 

infant may be he l d in an upright position to allow the 

abdominal viscera which has herniated into the chest to 

gravitate into t he abdomen and thereby relieve some of 

the partial obst r ucti~e or alimentary distresses (31). 

The policy of delaying surgery until the child 

is older and stronger has resulted in greater mortality 

than surgery done before the infant is 48 hours old, and 

provides the added advantage pf having the intestines 

deflated. The collapsed alimentary tract facilitates 

reduction of the hernia and makes the abdominal closure 

much easier (28). 

As previo usly discussed, the trea t ment is surgi­

cal beca use of t he high mortality and frequent compli­

cations if treated conservatively. 

Preoperative Preparation 

It is impo rtant to have the patient in the best 

possible condition for s urgery without exces sive delay. 

This is accomplis .n ed by pro per hydration, alimentary de -

fla t ion, and res pi ratory aeration (27,28 ) . Hydration is 

accomplished by gi ving s ubcutaneous, intra venous, or rec­

tal solutions as i ndicat ed (2,27,28). Deflation is ac­

complished by tne use of ga stric suction and a rectal 

tube. Adequate ae ration of the lungs and oxygenation of 
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the tissues is most sat isfactorily done by placing the 

patient in an oxygen tent with a high oxygen content and 

humidity. The high oxygen concentration serves two pu.r­

poses: (a) making the patient's breathing less labored, 

and (b) by helping to keep the intestine deflated. 

~esthesia 

Ochsner (30) advocates the use of an endotracheal 

tube and a closed system pesitive pressure technique be­

cause of the great er ab i lity to control the fli. tient and 

pm vide an adequat e supply of oxygen. Ochsner also re­

ported one case of absence of the anterior mediaatinum 
I 

associated with congenital diaphragmatic hernia in which 

bilateral collapse of t he lungs would have occurred had 

the patient not have been intubated. The anesthetic 

agent of choice in all reports is cyclopropane because 

it provides a maximum oxygen content, is easily handled 

in the closed positive pressure system, and gives good 

muscle relaxation in the patient at the time of opera­

tion. Also of grea t importance is the presence of a 

trained anesthesio l ogist to handle the precise needs of 

the patient. 

Phrenic Crush 

A prelimina ry ph renic crush, done through a 

small superclavicular incision on the af f ected side (27,28), 
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just prior to the opera tion for repair of the hernia, is 

not essential but may be desirable. It is eas ily accom­

plished by the us e of a hemostat and the effects of dia­

phragmatic IE, r a l ysis on the af fe cted side will last from 

five to six weeks. It will allow the diaphragm to be at 

rest during the o peration and thereby make the closure 

of the defect easier. The diaphragm will be high, due 

to the loss of ph r enic innervation and will therefore i n ­

crease the room i n the a bdomen for the hernial contents 

after reduction. There will be less tens ion, the suture 

lines allowing be t ter healing. This procedure J.S pri­

marily used in adults r a ther than in infants. 

Sur~ 

The thorac ic approach was previously considered 

good because it e nabled the surgeon to close the defect 

in the diaphragm with greater ease. A profound disadvan­

tage was encountered in trying to reduce the herniated 

viscera into the a b dominal cavity because the cavity had 

become too small. 

The abdominal app roach has been found to be more 

advantageous than t he thoracic route because the reduc­

tion of the hernia is eas ily accomplis he d and the defect 

may be closed satis facto r ily. There are no adhesions 

formed in the tho rax which hold the abdominal viscera 

and, therefore, re duction is easy if done in an orderly 
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fashion. The ne gative pressure in the thorax holds the 

abdominal viscera secur ely until the suction is relieved 

by passing a catheter through the diaphragnatic defect. 

The viscera shou l d be removed from the thorax in an or­

derly fashion. On the left side the stomach should be 

reduced first, t hen the small int eat ine , cecum, ascending 

colon, aplenic flexure, and lastly, the spleen. On the 

right side the intestines should be removed first in the 

same order as above and lastly, the liver should be re­

duced (28). 

The frequency with which malrotation occurs and 

the possibility of intestinal obstruction, strangulation, 

or volvulus, and the occasional need to do a bowel re­

section make the abdominal approach definitely superior 

( 37). The use of the t h oracic approach initially may 

require an extens i on of the incision into the abdomen on 

a second abdominal approach to complete the proce dure of 

repair if malrotat ion or obstruction is present (17). 

Following reduc t ion of the abdominal viscera, 

the diaphragmatic defec t is closed with mattress sutures 

after denuding the margi ns of the defect. The peritoneal 

layer is then sut u red separately on the underside of the 

diaphragm. The pl eural cavity is then obliterated by 

withdrawing all the air possible to aid expansion of the 

lung. 
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If the abdominal viscera cannot be placed in the 

abdominal cavity with ease a two-stage closure of the ab­

dominal wall rray be done. This is described by Ladd and 

Gross (28) as first closing only the skin and subcutane­

out tissues after undercutting the skin. The second 

stage is performed five to six days later before the cu­

taneous sutures have cut through the skin and after al­

lowing the abdomi nal wall to become stretched out to ac­

commodate the viscera which had previously been in the 

chest. The second stage closure should be a layered 

closure of the abdominal wall. This two-stage closure 

is superior to prolonged efforts of the usual layered 

closure be cause it is le as shocking to the patient. .1.. t 

also avoids placing undue strain on diaphragms.tic suture 

line and it avoids pressure embarrassment on the respira­

tory, circulatory, and alimentary systems. 

It has been stated that the abdominal approach 

has a higher postoperative mortality than the thoracic 

route. The use of abdominal approach for cases which 

are obstructed and for diagnostic laparotomies accounts 

for the greater mortality. For operations on diaphrag­

ms.tic hernias which are not complicated by obstruction, 

the mortality is equal to or less than the mortality in 

cases done by the thoracic route (23). 

Posto:2erative care 

The essential postoperative care is described by 
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Ladd and Gross (27). Blood transfusions are given for 

blood replacement and also to combat the hemorrhagic 

tendency of the newborn infant. An oxygen tent or an 

incubator with mist with an oxygen concentration of 

90-95 per cent should be used to make breathing leas 

labored, keep the intestine deflated, and remove rap­

idly any room air which might have been trapped in the 

pleural cavity. This high oxygen concentration should 

not be used in premature infants because of the possi­

bility of producing retrolental fibroplasia, and should 

be carefully used in other full term newborn infants 

because of the irritating nature of high oxygen ,. concen­

trations on the lung tissue. The maintenance of an ade­

quate fluid balance is important for the first few post­

operative days. rhis may be either oral or ~renteral 

as necessary for the patient.. The caloric requirements 

of the patient for the first few PQstoperative days do 

not have to be fulfilled. 

Recurrence 

The recurrence of diaphragmatic hernia follow­

ing surgery in 378 cases surveyed by Hedblom (22) is 

about five per cent. Recurrence is primarily due to in­

complete closure of the defect or excessive tension on 

the suture lines. 
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urgical Mortality 

The surgical mortality has been and will still 

be further decreas ed by the use of X-ray for early di­

agnosis of congen i tal di aphragmatic hernias. Theim­

proved anesthesia , better agents, and better methods of 

administration by traine d anesthesiologists is important. 

The ,ratient must r eceive adequate preoperative prepara­

tion and excellent postoperative care. The improved 

surgical technique s and recent advances for correct 

handling of the fatients have been stressed by Hart-

zel 1 (21). These are: (a) decompression of the alimen­

tary tract and pr eoperat ive gastric lavage, (b) use of 

the phrenic crush , (c) a id in reducing the hernia by 

use of a tube to b reak t he thoracic auction, (d) the 

breaking or cutting of r ibs to aid in repair of large 

defects, and (e) as pirat ion of the pneumothorax to in­

ere ase pesto pe rat i ve lung expa.ns ion thereby decreasing 

dys pnea, cyanosia , and respiratory effort. 

CAUSE OF DEATH 

The comilk:> n caus e of death in the newborn and in­

fants is primarily respi ratory or cardiac. If the pa­

tient compensates · for t he cardio-respiratory insult, he 

may then become obstruc t ed, strangulated, and may then 

die of electrolyte imbalance or by perforation with 
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peritonitis (14 , 21,23) . 

In the postoperative patient death usually oc­

curs within 48 hours and ia primarily due to res pira­

tory or cardiac failure, with partial atelectasis of 

the lung ( 17). 

Case lio. 1 

CASE PRESENTATIONS 

Children's Memorial Hospital #25,102 
24-hour-old white male 

Presenting Picture: Dyspnea 
Cyanoais 
Rapid forced res pi ration with 

sternal retraction 
Left thorax splinted with respi­

ration 
Right basilar rales 
Left lung hyperresonant to per­

cuss ion 
He art shifted to right 

X-ray - Chest Film: Heart displaced to the right 
Left lung only 70 per cent ex­

fQnded 
••ntire intestine in t he left 

thorax 
Surgery: Endotracheal--Cycloprofane plus 

oxygen 
Abdominal approach 
Defect of Foramen of Eochda lek 

( 3 cm. dia.) 
Sac present 
He rnial contents--entire small bowel 

--proximal and middle 
and distal colon 

omplications--postoperative pneumo­
thorax 

Reault--good 
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Other Defects: None 

Discussion 

Thia case presen ts the typical .Picture of 

Fo ramen of Bochdal ek congenit a l diaphragmatic hernia 

with the except io n that a hernial sac was present. 

Case No. 2 
University of Nebraska Hospital #121,256 
5-day-old white male 

Presenting l?icture: Weak cry at birth 

X-ray: 

Surgery; 

espirations not vigorous for first 
five minutes 

Rapid res pi rat o ry rate 
Cyanosis 
Dyspnea 
Vomiting and regurgitation after 

meals 
Improved res pi rat ion, decreased 

vo miting in upright position 
Flat aodome n 
Liver down to umbilicus in right 

mid clavicular line 
P.M.I. to right of sternum 
Right tracheal a hift 
Right shift of heart and medi­

ast inum 
Borborygmi in left chest 

Left diaphragm high 
Overdistended right lung and left 

a pical lobe 
Poorly defined left heart border 

Endotracheal--Cyclopropane and oxygen 
--Ether - Nitrous Oxide 

and oxygen 
Abdominal approach 
Defect Foramen of Bochdalek 
Sac absent 
Hernial contents--Stomach 
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Comp lie at ions--
Jej unal fistula present (Resec­

tion and anastomosis) 
2 Dehiscence e pisodes 
2 Stage closure of abdomen 

Final Result--good 

Other Defects: None 

Discuss ion: 

This case presents the classical Triad of symp­

toms and characteristic physical findings. The jejunal 

defect could 'not be explained at the time of operation. 

The patient had a stormy course with two episodes 

of wound dehiscence due to tension on the abdominal 

sutureline when t he abdominal contents were reduced from 

the hernia. 

The final layered closure was accom plished and 

the infant dismis s ed in good condition. 

Case No. 3 
Children's Memorial Hospital #13,656 
3-month -old white male 

Presenting Picture: Bluish pallor 
Rapid shallow res piratory motions 
F requent upper res piratory infec­

tions and "chest colds 11 

Subnormal appetite 
De creased breath sounds over 

Posterior mid portion of right 
chest 

Left bronchial breath sounds 
Tachycardia--Heart rate - 125 

--Aortic 2nd sound was 
greater than the Pulmonic 2nd 
sound 
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X-ray:. 

Impression: 

Surgery: 

Other Defects: 

Discussion: 

Rounded cystic mass of 
Soft tissue density 4½ cm. in 
diameter occupying the lower half 
of the Right Anterior mediastinum. 
Heart displaced to Left with 
Prominent apex of Left Ventricle. 
Dermoid cyst 
Bronchiogenic cyst 
Enterogenous cyst 

Endotracheal-Ether and oxygen 
Initial Thoracic Approach of the 

Exploratory Thoracotomy 
Secondary Abdominal Approach 
Defect - Fora.men of Bochdalek 
Sac present 
Hernial contents - Liver 
Complications: 

Postoperative shock and respi-
ratory di stress 

Abdominal distension 
Shallow Respirations 
Cyanosis 

Result--Patient expired leas than 
6 hours postoperative 

Deformed Right Ear 
Ptosis of Right eyelid 
Prominent parietal bosses 
Pupils react slowly to light 
Mongolism 

This case was misdiagnosed by X-ray, and was 

difficult due to t he hernial tissue being solid liver. 

The hernia was small and confined with a sac and the 

symptoms were quit e pointed to the respiratory tract. 

The patient was subjected to both a thoracic 

and abdominal approach. In this case it might have been 

repaired through t he thoracic approach without the loss 

of the patient. 
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f he gener al condition of the patient with vari­

ous deformities and the diagnosis of Mongolism probably 

had considerable influence on the final demise. No 

autopsy was obta i ned t o determine if there were any de­

fects in the hear t or in the central nervous system. 

Case No. 4 
Children's Memorial Hospital #19,443 
2½-year -old white female 

Presenting Picture: Heavy breathing and panting for 
two months 

Respiratory Rate --Sitting - 42 
Supine - 60 

Increased AE diameter of chest 
with Pigeon breast deformity 

Decreased breath sounds in 
left chest 

Dullness over posterior left lung 
field below 3rd rib 

F latness of Anterior right chest 
to right mid-clavicular line 
(heart) 

P .M.I. 2 cm. to right of sternum 
Grade I systolic murmur at right 

sternal border 
ctive bowel rushes over ent ire 
lower left lung field 

Trachea de viatea to right 

X-ray - Cheat Film: Trachea and heart shifted to 
the ' fii.ght 

Consolia at ion of middle left lung 
fiel-d 

t e lectasis of lower left lung 
field due to compression 

Gas loops of large and small 
bowel in left lower chest 

Lateral Cheat Film--
Suggests Foramen of Bochdalek 

hernia 
Gastrointestinal Series--

Small bowel and right colon in 
left chest 

Splenic flexure and de s cending 
colon in normal position 
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Surgery: 

Other Defects: 

Discussion: 

Endotracheal--Ether and oxygen 
Abdominal approach 
Defect -- left Fora.men of Bochda­

le k ( 6 x 3 ½ cm . ) 
Sac absent 
Hernial contents--

Jejunum 
Ileum 
Appendix 
Caecum 
Ascending and transverse colon 

Complications--None 
Laye red primary closure 
Result--good 

Partial ma.lrotation of bowel 
Pigeon breast deformity 

The physical findings on clinical examination 

and X-ray were the basis for diagnosis of congenital Dia­

phragmatic hernia in this patient. 

The results were good. 

Case No. 5 
· ·· ·· Universi ty of Nebraska Hos pital #1.20,221 

4-year-old wh i te ma.le 

Presenting Pic t ure: Frequent Upper Respiratory In­
fections since birth 

Slight underdevelopment in height 
and weight for chronological 
age 

Trachea deviated to right 
Dullness and tympanitic sound.a to 

percussion over lower left lung 
field 

Decreased breath sounds over left 
lung 

P .M.I . in the 5th intercostal 
s pace, 2 cm. to the left of the 
mid-sternal line 

Heart shifted to right 
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X-ray - Chest Film: Right tracheal and mediastinal 
shift 

Heart shifted to right 
Atelectasis of left lung base 
Small bowel in left chest 
Gastrointestinal Series--

Small bowel in left chest 
Appendix and caecum in apex of 

left chest 

Surgery: Endotraaheal--Ether--Cyclopropane 
and oxygen 

horaco-abdominal approach 
Defect--Foramen of Bochdalek 
Sac absent 
Hernial contents--

Entire snall intestine distal 
to ligament of Treitz 

Ca6oum and appendix 
Ascending and transverse colon 

Complications --None 
Layered abdominal primary closure 
Results--Exaellent 

Other Defects: Right inguinal hernia 

Discussion: 

This patient presented with a minim:i-1 amount of 

res piratory symptoms but had quite definite physical 

signs which were confir100 d on X-ray. 

The patient had l ived four years, but has not 

developed as he should have, probably due to the fre­

quent upper respiratory i nfections and the difficulty 

in digestion of fo od due to the mal-placed alimentary 

tract. 

Case No. 6 
-- - Children's Memorial Hospital # 24,640 

6½-year-old white female 
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Presenting Picture: 

X-ray -Fluoroscopy : 

Surgery: 

Other Defects: 

Discussion: 

Vague nstomach Achen since age 
three yeare--intermittent with­
out relation to eating, ac­
tivity, etc. 

Occasional brown vomitus 
Abdominal pain and vomiting every 

day for past 3 months 
Right diaphragm seemed higher 

than normal to p; rcuasion 

Paradoxical motion of diaphragm 
on coughing. (Right diaphragm 
elevates and left diaphragm 
descends. ) 

Gastrointestinal Series-­
Stomach low in abdomen 
Entire small intestine and 

proximal colon were between 
the liver and diaphragm 

Descending colon travels from 
right upper quadrant to rectum 
directly 

Endotracheal--Ether-Nitrous Oxide 
and oxygen 

bdominal approach 
Defect--Foramen of Bochdalek 

(5 x 7½ cm.) 
ac present 

Hernial contents--
Entire small intestine and 

proximal colon 
Small right lobe of the liver 

Complications--None 
Layered abdominal primary closure 
Results--good 

genesis of right lo~e of liver 
nlarged left lobe of liver 

"Malpoaitiont' of bowel 
(Not true Mal-rotation) 

This patient presented with the three cardinal 

complaints for congenita l diaphragmatic hernia in pa­

tients over one year of age; i.e., pain, vomiting, 
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and colic. 

The herni a was on the right side and possessed 

a sac which conf i ned t he hernial contents. This case 

was interesting because of the enlarged left lobe of the 

liver and the agenesia of the right lobe of the liver. 

SUMMARY AND CONCLUSIONS 

1. Congenital diaphragmatic hernia is a rare condition 

which has been changed from a fatal condition to one 

with a good survival by early diagnosis and immediate 

treatment. 

2. The normal and pathol ogic embryology ia presented to 

explain the pre sent accepted theory for production of 

the various de f ects in the diaphragm. 

3. Congenital diaphragmatic hernia is one of the most com­

mon forms of defective development which occurs as an 

isolated disturbance in otherwise normal infants. 

4. The incidence of all types of diaphragmatic hernia is 

about one per cent in the general population. 

5. Consideration of congenital diaphragmatic hernia is 

the most important step toward early diagnosis. 

6. Cardinal symptoms of congenital diaphragmatic hernia 

are related to t he cir culatory, respiratory, and ali­

mentary systems . 

7. X-ray offers the beat and most accurate aid for early 

diagnosis of co ngenit a l diaphra gmatic hemia. 
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8. The most frequent complications are acute respiratory 

failure and ac ute intestinal obstruction. 

9. Treatment of c hoice is early surgery which, if de­

layed, results in an increased mortality. 

10. The mortality is de f initely increased if the small in­

testine is involved in the hernial mass. 

11. Surgical mort a lity h as been decreased by immediate 

pre-operative pre .Para ti on, careful anesthea ia ad­

ministered by a trained anesthesiologist, improved 

surgical technique, and excellent post-opera tive care. 

12. Six cases are prese nted which came to operation at 

Children's :Me morial Hos pital and University of 

Nebra ska Hos pita l from 1952 through 1955. 
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